Within the framework of non-local quark model of Nambu-Jona-Lasinio type the two-photon decay of radial excited state of π 0 -meson -π ′ 0 -is found to be 3.6 KeV.
I. INTRODUCTION
In recent papers [1] [2] [3] [4] [5] within the local Nambu-Jona-Lasinio (NJL) model different radiative decays with the scalar, pseudoscalar and vector mesons of ground state nonets were calculated. Some predictions for probabilities of production of meson pairs η, η ′ and f 0 (980) with ω, ρ and φ in the collisions in the electron-positron colliders also was done.
During last years the activity in building of the colliders with high energies of electronpositron beams sufficiently increases (i.e. BES-III (Beijin, China), CMD-2 (Novosibirsk, Russia), Frascati (Italy) and others). Thus it appears to be possible to use them for production not only the ground state of chiral nonets of mesons, but also the radial excitations of them with the masses from 1.3 GeV up to 2 GeV. The present paper is devoted to the investigation of radial excitation of pion π ′ 0 production in electron-positron collisions and to description of two-photon decay of this meson.
For description of radial excitations of mesons the non-local version of quark NJL model can be used. In this model the polynomial type of formfactor was proposed. In particular, for first radial excitation of mesons it is enough to use the simplest formfactor with square dependence on transverse momentum k:
, where Λ = 1.03 GeV is the cut off parameter, k is the relative quark-antiquark pair momentum, which takes the values in the range from 0 up to Λ. The coefficient d is found from the requirement that scalar excitations do not give any additional contribution to the quark condensate [6] .
In papers [6] [7] [8] [9] [10] [11] [12] [13] this non-local NJL model was successfully applied for description of mass spectrum of radial excited states of scalar, pseudoscalar and vector mesons. Besides all the basic strong decays of these mesons was considered and the results are in satisfactory agreement with the experimental data. In the present paper we will use this non-local NJL model to calculate the width of two-photon decay π ′ 0 → 2γ and to evaluate the probability of production of π 
II. QUARK-MESON LAGRANGIAN FOR GROUND AND RADIAL EXCITED

STATES OF THE MESONS
The part of lagrangian which we need here is [6, 8] :
where e is the electron charge (e 2 /4π = 1/137), Q = diag
is the quark charge matrix, A µ is the electromagnetic field 4-potential, π 1,2 are non-physical pion fields which interacts with the quarks with the following coupling constants:
where m u = 280 MeV is the constituent u-quark mass, M a 1 = 1.23 GeV is the mass of axial-vector meson a 1 [14] and I 2 and I f f 2 are the following integrals:
where k ⊥ is the momentum transverse to q and in the meson rest frame (q = (q 0 , 0)):
is the form-factor:
with the restriction imposed on the 3-dimensional momentum of quark interaction. The satisfactory description leads to the choice of parameters Λ = 1.03 GeV, d = 1.78 GeV
It is worth notice that states |π 1 and |π 2 are not the physical ones since corresponding free Lagrangian contains non-diagonal kinetic terms. In order to obtain the physical states it is necessary to make an orthogonal transformation [6] which will simultaneously diagonalize the mass and p 2 terms in the initial Lagrangian and as a result the wave functions of the ordinary |π and excited |π ′ neutral pions are expressed in form of linear combination of the states |π 1 and |π 2 :
where α = 59.5 o and α 0 = 59.15 o are the mixing angles evaluated in [8] . Further all the interactions of these mesons will be described through the quark loops.
A. Two-photon decay on ground state and radially excited pions
Consider now the two-photon decays π 0 → 2γ and π ′ 0 → 2γ. Matrix elements of the processes π 1,2 → 2γ are 3α 32π
with
with A = Λ/m u = 3.68, d = Dm 2 u = 0.14 (rest frame of the exited pion is implied). Calculation leads to
Numerical values of normalization constants are
It is interesting to calculate the width of the ordinary pion in this model. The result of calculation is
This result are in a good agreement with the experimental data [14] : Γ exp. π = 7.8 ± 0.6 eV.
This agreement improves in the limit Λ → ∞: Γ π (Λ → ∞) = 7.7 eV.
Let us note that in strong decays description [8] the similar check was performed for decays π ′ → ρπ. Besides for additional test of this non-local NJL model the decay ρ → 2γ was considered, which appeared to be also in a good agreement with the experimental data.
For the exited pion decay width we have
B. The production of radially excited pion in peripheral electron-positron collisions
Matrix element of production of pseudoscalar meson in peripheral electron-positron
have a form
Where
The quantity I π can be expressed in terms of two photon decay width Γ π ′ →2γ of meson π ′ 0 :
Using the Sudakov parametrization of 4-vectors [15] :
withp 1,2 -are the light-like 4-vectors and the on mass shell conditions of the scattered fermions one can arrange the phase volume of the final state as
where we imply
The transferred momentum squares are negative quantities
The differential cross section have a form:
For the case of light mesons (π) production we obtain, performing the integration:
For the case of heavy meson production we have [16] 
If √ s = 3 GeV then σ π = 0.43 nb and σ π ′ = 0.09 nb.
C. The annihilation channel of radiative production of excited neutral pion
Let consider the annihilation channel of process radiative production of excited neutral pion in electron-positron annihilation:
The corresponding matrix element is
where e ν (k) is the polarization 4-vector of the real photon. The quantity R = −0.302 will be calculated in Appendix A. Expressing the phase volume of the final state as
with θ is the angle of exited pion emission regarding the beams axis ( p − ) in the beams center of mass frame. After simple manipulations the expression for the differential cross section will be (see (A7))
If √ s = 3 GeV, then
Keeping in mind application to the real experimental data the possible intermediate states ρ ′ and ω ′ must be taken into account.
D. Primakoff process
Consider now the Primakoff process with creation of the excited pion state in leptonphoton high energy collisions:
Matrix element have a form
with ǫ is the polarization vector of the photon. Using the Sudakov parametrization of the transferred 4-momentum q = p − p ′ :
we obtain for the cross section
The total cross section for √ s = 3 GeV is σ γe→π ′ e = 0.14 nb and σ γµ→π ′ µ = 0.06 nb.
III. CONCLUSION
In our calculations besides the prediction for the width of two-photon decay of π ′ 0 meson we also obtained the two-photon decay width of ground state π 0 meson, which is in a good agreement with the corresponding experimental data. The similar result appears in the standard local NJL model [17] . This result confirms the statement of [12] that the introduction of radial excitations of mesons into non-local NJL model does not distort the picture which appeared in local NJL model in description of ground state mesons. The same conclusion was done during the consideration of strong decays within the same non-local NJL model [8, 12] .
We should note that in photoproduction of π ′ 0 meson in electron-positron colliders in the final state two charged mesons ρ ± and π ∓ (which the π ′ 0 meson will decay to) will be detected. But in case if there is no π ′ 0 meson in the intermediate state, but the annihilation results in simple virtual photon γ * , only the neutral pair (ρ 0 , π 0 ) will be produced.
In future we're planning to perform the similar analysis for radial excitations of η and η ′ mesons.
η = m 2 r s , r = √ x 2 + 1.
At small values of η we have 
